The genome of the cattle tick Rhipicephalus microplus, an ectoparasite with global distribution, is esti-45 mated to be 7.1 Gbp in length and consists of approximately 70% repetitive DNA. We report the draft 46 assembly of a tick genome that utilized a hybrid sequencing and assembly approach to capture the repet- terminal repeats. We identified 38,827 putative R. microplus gene loci, of which 24,758 were protein cod-51 ing genes (!100 amino acids). OrthoMCL comparative analysis against 11 selected species including 52 insects and vertebrates identified 10,835 and 3,423 protein coding gene loci that are unique to R. micro-53 plus or common to both R. microplus and Ixodes scapularis ticks, respectively. We identified 191 microRNA 54 loci, of which 168 have similarity to known miRNAs and 23 represent novel miRNA families. We identi-55 fied the genomic loci of several highly divergent R. microplus esterases with sequence similarity to acetyl-56 cholinesterase. Additionally we report the finding of a novel cytochrome P450 CYP41 homolog that shows 57 similar protein folding structures to known CYP41 proteins known to be involved in acaricide resistance. nomic burdens caused by this parasite are enormous, impacting at 68 levels from family farmers up to large cattle production operations 69 (de Castro, 1998) . Annual losses attributed to this tick have been 70 estimated to be over USD 2 billion and AUD 100 million for Brazil 71 and Australia, respectively (Angus, 1996; Grisi et al., 2002) . The (Eid et al., 2009) , facilitated movement of the cattle tick R.
137
microplus genome sequencing to the final phase tackling the com-138 plex repetitive regions of the genome. 139 Our study reports the assembly and annotation of the 7.1 Gbp R.
140
microplus genome. We generated long reads of very high molecular total of 10 g of eggs was used in a protocol from Sambrook et al. 162 (1989) to purify very high molecular weight genomic DNA 163 (Guerrero et al., 2010 A genomic BAC library of R. microplus was constructed as previ-174 ously described (Guerrero et al., 2010) Express, Inc. as previously described (Tao and Zhang, 1998 (Sambrook and Russell, 2001 The assembly strategy is depicted in Fig. 1 English et al., 2012) . Finally, error-corrected PacBio reads were de 299 novo assembled using CANU (Berlin et al., 2015) , a new PacBio 300 assembler based on the Celera assembler (Myers et al., 2000) .
301
CANU utilises the MinHash Alignment Process (MHAP) for overlap-302 ping noisy, long reads using probabilistic, locality-sensitive hash-303 ing. In assembling the cleaned reads, a high MHAP sensitivity 304 and low minimum coverage of 2Â was set along with a high error 305 rate of 0.12. We ran a shortened CANU pipeline, only running at the 306 'assemble option', as the reads have already been error-corrected. Fig. 1 . Overall strategy for the de novo assembly of the cattle tick Rhipicephalus microplus Rmi v2.0 genome. Illumina low-Cot, Focused Genome Sequencing and whole genome shotgun datasets were de novo assembled and then merged with Rmi v1.0 (Guerrero et al., 2010) . Error corrected PacBio reads were then used to close gaps and join Illumina scaffolds using PBJelly2 (PBSuite_15.8.24; English et al., 2012) . Additionally, error corrected PacBio reads were de novo assembled using CANU (Berlin et al., 2015) .
The process depicted in Fig. 1 Gene predictions were performed using two approaches: (i) 333 ab initio prediction using MAKER version 2.31.8 (Cantarel et al., 334 2008), SNAP version 2006-07-28 (Korf, 2004) and Augustus version 335 3.01 (Stanke et al., 2006) , and (ii) mapping non-redundant R. micro-
336
plus transcripts onto the Rmi v2.0 assembly using BLAT (Kent, 337 2002) ( Supplementary Fig. S1 ).
338
Public and unpublished R. microplus transcriptome datasets 339 were clustered using Cd-hit (Li and Godzik, 2006 ) with a minimal 340 95% sequence identity as previously reported (Ma et al., 2014) 341 yielding a 63,416 non-redundant R. microplus transcript dataset 342 (Supplementary Table S2 ). These non-redundant sequences were 343 then parsed using RepeatMasker v4.0. scripts were provided to MAKER (Cantarel et al., 2008) as 'EST' evi-348 dence to generate a R. microplus 'training set' for ab initio 349 programs. SNAP (Korf, 2004) or AUGUSTUS (Stanke et al., 2006) 350 were then trained and their resulting predicted gene models were 351 used as a 'refined gene model training set' to re-run these tools.
352
The predicted refined gene models by both SNAP (Korf, 2004) 353 and AUGUSTUS (Stanke et al., 2006) were then combined and used were then collapsed using mapper.pl (Friedlander et al., 2008 was calculated as previously described (Felsenstein, 1985) . The 510 evolutionary distances were computed using the Poisson correc-511 tion method (Zuckerkandl and Pauling, 1965) The completeness of the R. microplus Rmi v2.0 genome assem-517 bly was evaluated using BUSCO (Simao et al., 2015) . Predicted 518 genes were assessed for completeness using both TransDecoder 519 (Tang et al., 2015) , which assessed completeness of predicted ORFs, 520 and BUSCO (Simao et The LTR retrotransposon Gypsy has over 233,000 copies in the R. tains approximately 29,000 copies. As Gypsy is known to be infec-700 tious in invertebrates (Kim et al., 1994) , the role of the 701 retrotransposon in R. microplus genome evolution would be an 702 interesting topic for further study. Nystedt et al. (2013) (Cantarel et al., 2008) , SNAP (Korf, 2004) and AUGUS-715 TUS (Stanke et al., 2006) (Supplementary Fig. S1 ). Nucleotide sequences for identified R. microplus gene loci were 732 annotated using AutoFACT annotation pipeline (Koski et al., 2005) 733 and by BLASTN comparison to the RFAM database. Cot DNA sequencing approach may result in partial assembly of Supplementary Fig. S4 ). This result suggests that R. microplus Fig. S1 ) were annotated using AutoFACT 801 (Koski et al., 2005 Comparing the KEGG pathways found in R. microplus to those in I. machinery that is common to insects and plants (Gammon and 880 Mello, 2015; Barrero et al., 2017) .
881
Supplementary Fig. S6 shows a substantial increase in R. micro- stage and adult tick samples, respectively (Fig. 3) . The majority of 967 the identified microRNAs show specific expression restricted to 968 either one specific life stage (Fig. 3A) , sex or adult female organ 969 (Fig. 3B ). This contrasts with our previous report (Barrero et al., 970 2011a), where most of the identified R. microplus miRNAs were 971 found expressed in multiple life stages and/or organs. In that pre- microplus. We had also imposed the requirement to only report Fig. 3 . Global expression of cattle tick microRNAs. Expression of miRNAs among (A) life stages, and (B) adult tick samples are shown. Frus. Larvae, 'frustrated larvae' exposed to the cattle for 6 h but not allowed to feed on them. Organs (salivary glands, midgut and ovaries) were collected from semi-engorged adult female cattle ticks (Barrero et al., 2011) . 
